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Type specific antipneumococcus sera have, in general, the capacity 
to protect  mice against  infection with virulent  organisms  of the ho- 
mologous type.  The quantitative limitations of the protection test in 
mice have  been pointed  out in  the  first  paper  of this  series  (1),  in 
which  attention  was  also  called  to  the  many  irregularities  in  the 
results.  In a  wide range of graded doses of serum and culture some 
mice  of each  group  die whereas  others  survive.  The  irregular  and 
unpredictable  fatalities  that  occur  under  standard  test  conditions 
are  attributed  to  variations  among  animals  in  their  capacities  to 
utilize the available protective elements of the immune serum. 
A previous study (2) has dealt with this problem in pneumococcus infections 
in rabbits.  In this instance it was found that heavier animals and those having 
high white blood cell counts at the time of infective inoculation were much better 
able  to  utilize  the  passively  conferred immune principles.  No  evidence was 
obtained, however, to show that either the weight or the number of cells was other 
than a reflection of some more complex physiological system. 
The  present  paper  is  essentially  an  extension  of  this  problem  as 
applied to pneumococcus infection in the white mouse and  concerns 
the  interrelations  of the  amount  of immune  serum,  the  number  of 
infecting organisms,  and certain physiological variables or individual 
host factors, all of which play important r61es in determining the out- 
come of a protection test in any given animal. 
EXPERIMENTAL 
The general method employed was the same as that described in a 
previous paper (1). 
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Mice.--Females of the Rockefeller Institute strain  of white mice were used 
throughout. 
Culture.--Pneumococcus Type I, original Neufeld strain.  Virulence for mice 
such that 0.000,000,01 cc.  of broth  culture given intraperitoneally invariably 
produced fatal infection. 
Sera.--Antipneumococcus  horse serum, Type I, was used) 
Serum and culture were diluted so  that the desired amounts of each were 
contained in a volume  of 0.5 cc.  Equal parts of each were then mixed in a syringe 
and injected intraperitoneally. 
General Method of Approach 
Previous studies  (1,  3)  have shown that if prior to infection the 
number of ceils in the peritoneal cavity are increased by non-specific 
stimulation the animal is much more apt to be protected by a  given 
quantity  of  serum.  The  beneficial  effect  of  the  cellular  response 
was so striking that a  method was sought by which the number of 
cells in the peritoneal fluid might be estimated.  It was most desirable 
to have this estimation made at about the time serum, bacteria, and 
body cells came together, and certainly before the initiation of the log 
phase  of bacterial growth.  To obtain an estimate before infection 
would require  the  injection of  some  sort  of microscopic tags.  An 
examination of the previous data suggested the use of the pneumococci 
themselves as the tags.  This is practicable in this instance since it 
has been shown that the lag phase of growth persists for at least  30 
minutes; that in serum protected animals there is no apparent diminu- 
tion in  numbers of bacteria  during this time;  and finally that  the 
numbers of cells do not vary materially during this period.  If then a 
small quantity of the peritoneal fluid be removed during this period 
one should be able to determine by examination of smears the number 
of white cells in relation to the number of pneumococci.  The actual 
procedure as finally established was as foUows: 
Mice.--In  each series of mice the weights were recorded. 
Injection.--The culture was diluted in broth so that the desired amount was 
contained in 0.5 cc. volume.  A similar system of dilution in saline was used for 
the immune serum.  Culture and serum were mixed in the syringe before injec- 
1  This serum was furnished through the courtesy of Dr. Augustus Wadsworth 
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tion.  The  intraperitoneal  injection  was  made  just  lateral  to  the  left  caudal 
mammary gland.  The time of injection  was carefully noted. 
Sarnpling.--Sterile  capillary  pipettes  were used  to obtain the necessary  drop 
of fluid.  The actual sampling is accomplished by a quick thrust of the pipette 
on the side opposite to that of injection, and this is followed by a slow withdrawal. 
Sampling was carried out just 15 minutes after the injection of serum and culture. 
Preliminary  experiments  showed that sampling before 5 minutes was unsatisfac- 
tory because thorough mixing of the injected matter with the peritoneal  contents 
had not occurred. 
Smears.--The  fluid  obtained  was  spread  rather  thickly on glass  slides and 
stained by the Gram technic.  The numbers  of cells and bacteria in successive 
contiguous  microscopic fields were  accurately and  carefully  counted.  A  mini- 
mum of 1000 pneumococci or of 500 white cells were counted in each preparation. 
In case any specimen showed a very irregular distribution  as, for example, massive 
dumping of bacteria or white  cells, this minimal  requirement  was doubled.  A 
separate record was made of cells showing phagocytosis and of those that contained 
no organisms.  Likewise the number of intracellular and extracellular pneumococci 
were noted.  It must be emphasized that consistent  results  can be obtained by 
this  method  only  by  the  most  painstaking  and  meticulous  examination  of 
the smears. 
An  example  of  the  results  of  a  single  experiment  of  this  type  is 
shown in Table I. 
This experiment included a series of eight mice of the same weight (17.5 gin.). 
Each  animal  received  an  intraperitoneal  injection  of 0.05 cc.  of specific anti- 
pneumococcus horse  serum  and 0.1  cc. of Type I  pneumococcus broth culture. 
Samples  of peritoneal  fluid  were  taken  15  minutes  after  infective  inoculation. 
For each smear the separate  determinations  are recorded and the total cells and 
total pneumococci in the same fields calculated.  From these  data is calculated 
the ratio of total pneumococci to total cells.  It will be noted  that  these  ratios 
range from 3.7-14.6.  Since each  mouse  received  the  same  amount of culture 
these ratios obviously are inversely representative  of the number of cells in the 
peritoneal  cavity.  Thus  Mouse  6,  which  showed  3.7  pneumococci  per  cell, 
obviously  had many times  more cells than Mouse  7, which showed  14.6 pneu- 
mococci per cell.  By a process of proportional  calculation it is possible to arrive, 
as originally planned,  at a numerical  estimation  of the total numbers of cells in 
the peritoneal  cavity of each animal.  However, as will be shown later,  the total 
number of cells is without significance except  as related  to the total number of 
bacteria.  Moreover, the technical difficulties inherent  to the injection of an exact 
number of pneumococci tend to lessen the accuracy of the total cell estimate. 
An examination of the results presented in the last column of Table 
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and  0.1  cc.  of culture succumbed to infection.  These two were the 
animals  with the highest pneumococcus/cell ratios;that is, those with 
the  fewest  peritoneal  cells.  Moreover,  there  is  a  sharp  limiting 
threshold,  for although  Mouse 4, with a  ratio of 10.1, died,  Mouse 2, 
with a ratio of 9.8, survived. 
Our experience with this type of study has now covered more than 
1500 animals and irregular results do not exceed 15 per cent.  In our 
TABLE  I 
Type Protocol of Mouse Protection Test 
Weight range:  17.5 4- 0.3 gin.  Each mouse in the following series received 
an intraperitoneal injection of 1 cc. of fluid containing 0.05 ec. of antipneumococcus 
horse serum (Lot E) together with 0.1 cc. of an 18 hour blood broth culture of 
Type I Pneumococcus.  15 mLuutes after injection samples of peritoneal contents 
were  obtained  and  from  these  smears  prepared.  After  the  application  of  the 
Gram  stain  large  numbers  of contiguous  microscopic fields were  traversed  and 
the following numbers  of cells and  pneumococci observed. 
~ouse 
No. 
Observed cel~ 
Active  Inactive  Total 
25  395  420 
10  132  142 
0  148  148 
17  196  213 
23  254  277 
0  270  270 
7  84  91 
17  122  139 
Observed pneumococci 
Intra-  Extra-  Total 
cellular  cellular 
530  1103  1623 
178  1265  1443 
0  1018  1018 
468  1679  2147 
372  1439  1811 
0  1001  1001 
210  1115  1325 
488  711  1199 
Total pneumococci 
3.9 
9.8 
6.9 
10.1 
6.5 
3.7 
14.6 
8.6 
Result 
S 
S 
S 
D 80 
is 
i  S 
D  45 
S 
S  =  survival. 
D  ffi  death  within  the indicated  number of hours after infective inocfilation. 
hands the results attained by this technic have served as a  basis for 
prediction of death or survival in the majority of all animals in any 
given series. 
Variations in the Amount of Culture 
This type of result suggests that the absolute number of cells may 
be important only as related to the number of pneumococci.  If this 
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TABLE  II 
The Initial Pneumococcus/Cell  Ratios  in Relation  to the  Protective Action of Anti- 
pneumococcus Serum 
Weight range:  22-24.5 gin. 
Each of the following mice received an intraperitoneal injection of 0.1 cc. anti- 
pneumococcus horse serum together with the indicated amount of Type I  Pneu- 
mococcus culture. 
The figures given below express the ratio 
Total observed pneumococci 
Total observed ceils 
Amount of culture 
0.0,5 cc,  0.1 cc.  0.2 cc. 
5.3 D 
4.4D 
4,1D 
2.9S 
2.5S 
1.5S 
1.2S 
1.1S 
0.7S 
0.3 S 
ll.9D 
8.0D 
8.0D 
6.0D 
5.5D 
5~5D 
5.4D 
4.9D 
4.2D 
4.1D 
4.1S 
4.0D 
4.0S 
3.3S 
3.2S 
1.8S 
1.6S 
1.3S 
0.1S 
13.0 D 
11.0 D 
10.3 D 
7.2D 
6.1D 
6.1D 
5.6D 
5.0D 
4.5D 
2.7S 
S  =  survival. 
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of the amount of culture injected.  In order to test this hypothesis a 
series of mice of comparable weights were injected with an infective 
inoculum containing the same amounts of immune serum but  with 
different  amounts  of  culture.  The  results  of  this  experiment  are 
shown in Table II. 
It  will  be noted in  Table  II  that  in  the series of  19  mice which 
received 0.1  cc. of culture the limiting ratio was 4.0-4.1;  that is,  all 
mice showing smaller ratios survived, whereas those with ratios higher 
than 4.1  died.  Similarly in the series of ten mice which received 0.2 
cc. of culture the limiting ratio was between 2.7 and 4.5.  In the series 
which received 0.05  cc. of culture the limit was between 2.9 and 5.3. 
Unfortunately in these latter instances the critical threshold values are 
not as sharply defined as in the preceding series.  However, it is quite 
evident that the limiting ratios are of the same order of magnitude 
irrespective of the number of pneumococci injected. 
These results lend support to the view that the critical variable is 
not the absolute number of cells alone, but is rather the number of 
cells in relation to the number of pneumococci. 
The Threshold and the Type of Cells 
In the second paper of this series (3) it was pointed out that normal 
mice under  the  experimental  conditions  described  have  few  or  no 
polymorphonuclear cells in the peritoneal cavity except after irritation 
or stimulation.  From  studies  (1)  dealing with mice which had re- 
ceived a previous injection of sodium nucleinate it was inferred that the 
protection was improved by virtue of the presence of polymorpho- 
nuclear cells.  If this were true the effective ratios should be higher in 
nucleinate prepared  mice than  in  normal mice; that  is,  fewer total 
cells should  be more effective because of the greater proportion  of 
phagocytes.  In order to  test  this  hypothesis a  series  of mice was 
divided and half given intraperitoneal injections of sodium nucleinate 
18  hours prior  to  the injection of serum and  culture.  In order to 
obtain comparable pneumococcus/ceU  ratios it was necessary to inject 
the prepared mice with 0.4 cc. of culture as opposed to 0.1  cc. with 
normal mice.  All received the same amounts of immune serum.  The 
results of this experiment are shown in Table III. 
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between 4.4 and 7.2.  On the other hand in the series of prepared mice 
the critical value was between 10.5 and 13.0.  In other words with the 
prepared mice, the proportion of phagocytic cells being greater, fewer 
TABLE III 
Critical  Pneumococcus/CeU Ratios  in  Normal Mice as Compared to Mice Which 
Had Received a Previous Injection of Sodium Nucleinate 
Weight range 21-22.5 gm. 
In the  following  table the  term nucleinate  prepared refers to  the  fact that 
each of these mice had received an intraperitoneal injection of 0.5 cc. of a  5 per 
cent solution of sodium nucleinate 18 hours prior to infection. 
Mouse 
No. 
9 
10 
11 
12 
13 
14 
15 
16 
Character 
Normal 
Nucleinate prepared 
~g  cc 
Serum 
0,05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
Culture 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
Total observed pneumococci 
Total observed cells 
8.1 
7.2 
4.4 
3.5 
2.9 
2.1 
1.5 
0.6 
19.3 
13.0 
10.5 
7.4 
7.4 
5.9 
5.0 
3.0 
Result 
D 23 
D 23 
S 
S 
S 
S 
S 
S 
D 95 
D 95 
S 
S 
S 
S 
S 
S 
S  -- survival. 
D  =  death within the indicated number of hours after infective inoculation. 
total  cells  could  accomplish  the  removal  of  the  bacteria  than  with 
mice in which polymorphonuclear cells are initially absent. 
Variations in Amount of Serum 
It has been shown in a  previous paper (1)  that there appears to be 
an optimal amount of serum which  should be used in order to confer 
protection  on  the  greatest  number of animals.  If smaller or  larger 
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shown  that  with  the larger amounts of serum  there is an  inhibition 
of  the  phagocytic mechanism,  that  with  the  smaller  amounts,  the 
organisms appear to have been insufficiently sensitized so that growth 
takes  place  within  the  cell  in  spite  of phagocytosis  (3).  For  these 
reasons  the  amount  of serum  should modify the  significance of the 
pneumococcus cell ratio.  In order to test this hypothesis a  series of 
mice  of  comparable  weights  were  each  given  the  same  amount  of 
culture but varying amount of immune serum.  A  typical example of 
this type of experiment is shown in Text-fig. 1. 
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TExT-FIO. I.  Critical pneumococcus/ceU ratios with varying amounts of im- 
mune serum.  Each mouse received 0.I cc. of the standard culture. 
In this series the general weight range was 18-23 gin. although for each sub- 
group the weight variation was not over -4-0.5 gln.  Each mouse received 0.1 cc. 
of an  18 hour blood broth culture of  Type I  pneumococcus  together with the 
indicated amount of serum.  The standard technic was used throughout. 
The  optimal  protective amount  of  this  particular  lot  of immune 
serum was 0.05 cc.  It will be noted from Text-fig. i  that at this level 
the limiting ratio was  dearly between 6.0 and  7.0.  With  0.1  cc. of 
serum the threshold lay between 4.3 and 5.3; with 0.2 cc. between 4.0 KENNETH  GOODNER  AND  D. K.  MILLER  401 
and 4.2; while with 0.4 cc. of serum the limiting value was obviously 
below  1.1.  Similarly with  smaller  amounts of  serum  the  limiting 
ratio became lower as less serum was used. 
Thus,  although the limiting or threshol'd ratio appears  not to be 
affected by the amount of culture, it varies decidedly with the amount 
of immune serum. 
The effective ratio can also be greatly modified by the addition of 
heterologous materials.  In Text-fig. 2 are shown the results obtained 
by the addition of comparable amounts of Type II antipneumococcus 
serum,  concentrated  antimeningococcus serum,  and  lipemic  rabbit 
serum. 
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T~xT-Fm. 2.  Critical pneumococcus/cell  ratios as affected by various heter- 
ologous sere.  Each mouse received 0.1 cc. of the standard culture. 
In this experiment mice weighing 17.5-19.5 gin. were used.  Each mouse re- 
ceived 0.05 cc. of Type I antipneumococcus  horse serum, 0.1 co. of culture, and 
in certain instances 0.15 cc. of the indicated heterologous serum.  The standard 
technic was used throughout. 
It will be noted that the threshold ratio in the control series was 
between 7.4 and 7.9.  With the addition of Type II antipneumococcus 
serum the threshold was lowered to between 5.8  and 6.3,  with con- 
centrated antimeningococcus serum to between 4.1 and 4.4, while with 
lipemic rabbit  serum  the limiting ratio fell to between  1.7  and 3.2. 
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effective ratio can be greatly altered by means of non-specific agents 
as well as by the amount of specific immune serum. 
The Influence of the Age and Weight of the Animal 
The  previous  experiments,  in  which  mice  of  comparable  weights 
were used, have clearly shown the importance of the pneumococcus/ 
cell ratio.  Since this ratio reflects the total number of cells, the results 
indicate  that  the  latter  is  a  significant  host  factor.  It  was  early 
recognized  that  without  weight  control  the  experimental  results 
showed little  consistency.  Although  this  and  previous  experiences 
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TExT-FIG. 3.  Critical  pneumococcus/cell ratios  in  mice of  different  ages. 
Each mouse received identical amounts of serum and culture. 
suggested that  body weight might  be a  significant  host factor there 
remained  the  possibility  that  the  actual  factor  was  age  instead  of 
weight.  In order to  test this possibility a  large  number  of mice in 
three different ages were each injected with exactly the same amounts 
of serum and culture and the pneumococcus/cell ratios determined in 
usual fashion by the method described. 
Each mouse received 0,1 cc. of Type I  antipneumococcus serum (Lot E)  to- 
gether  with  0.I  cc.  of the standard  Type I  pneumococcus culture.  The mice 
were of three  ages; 96, 68, and  40 days.  Their  mean weights for each group 
were 27, 23, and  18 gin. respectively.  The results of this experiment are shown 
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From these results, graphically presented in Text-fig. 3, it will be 
noted that in the oldest age group the limiting ratio was ca.  2.6-2.9, 
with the intermediate group ca.  3.3,  while with the youngest mice 
in the series no sharp end-point was obtained. 
In general it would appear from these results that with increasing age 
the limiting ratio becomes smaller.  Since, however, the end-points 
in the age groups were not entirely distinct the same data were re- 
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TExT-FIG. 4.  Critical  pneumococcus/cell ratios  in mice of various weights. 
Each mouse received  identical  amounts of serum and culture. 
plotted against weight rather than age.  The results of this replotting 
are shown in Text-fig. 4. 
In Text-fig. 4 a  broken line has been inserted to indicate the sug- 
gested  boundary  between  zones  of  protection  and  non-protection. 
This  boundary  is  essentially  that  of  the limiting ratio  at  various 
weights under these conditions.  It will be noticed that the limited 
ratio becomes lower as the weight increases.  It would appear that a 
given number of cells is more effective in the protection process in 
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In seeking an explanation for these results it was recalled that in 
a previous study (3)  the importance of the monocyte had been most 
strikingly  demonstrated.  It  was  therefore  determined to  examine 
mice of various weights to learn if the proportion of monocytes varies 
with the weight of the animal.  The result of this study, carried out 
by means of the supravital technic of Sabin (4), are shown in Table IV. 
From these data it will be noted that in the weight range of 12-15 
gin. monocytes made up 77.5 per cent of the cells in the peritoneum, 
whereas in mice weighing 29-33 gin. the proportion of monocytes was 
only 19.9 per cent.  These  results  indicate  that  the  proportion of 
monocytes in the peritoneum is roughly inverse to the weight of the 
animal. 
TABLE  IV 
Differential Analysis of the Cells Normally  Present in the Peritoneal Cavity of the 
White Mouse 
Weight group 
gm. 
12-15 
15.5-18 
18.5-21 
21.5-24 
24.5-28.5 
29-33 
Number of mice 
6 
12 
13 
13 
7 
6 
Polymorpho- 
nuclear 
~er cen$ 
0 
0.2 
0.6 
0.2 
0 
1.2 
Cell differentials 
Eosinophilcs  Lymphocytes 
per  cent  per cent 
0.7  21.8 
0.8  38.2 
0.9  50.3 
0.1  57.9 
0.5  64.0 
0.7  78.2 
Monocytes 
p~cent 
77.5 
~.8 
48.2 
41.8 
35.5 
19.9 
The significance of this finding  is  at-  once  obvious  since  it  has 
been  shown  that  the  critical  pneumococcus/cell ratios  also  vary 
inversely  with  the  weight  of  the  animal.  Thus  there  is  a  direct 
parallelism between the initial proportion of monocytes in the peri- 
toneum and the effectiveness of the protective system.  This relation- 
ship is not surprising in view of the fact that the monocyte is the only 
phagocytic cell initially present in the peritoneum. 
Although  technical  difficulties  have  prevented  a  direct  demon- 
stration, it is possible, on the basis of these correlated facts, to resolve 
both the weight and the total number of cells into one host factor, 
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DISCUSSION 
This  study has  dealt  with  certain  physiological variables  of  the 
individual mouse as related to its  capacity to utilize the protective 
qualities  of  antipneumococcus serum.  The  problem  was  to  some 
extent oriented by findings in a previous study dealing with pneumo- 
coccus infection in the rabbit (2).  As in this earlier work it was found 
(Body weight  Totat  white cells 
,,g  ~ll  /  in p~,itoneutn) 
~.  blumbeP  of  monocytes 
/,,\ 
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TExT-Fzo.  5.  Initial interrelations  of extrinsic  and intrinsic  variables in the 
mouse protection test. 
that in mice the weight of the animal and the number of white cells 
at  the site of infection serve as quantitative indices of the animal's 
capacity to  be protected.  These  two  individual host  factors  were 
resolved in theory into a single correlated component; viz., the number 
of monocytes present in  the peritoneum at  the time of injection of 
serum and culture. 
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monocyte is the only actively phagocytic cell normally present in the 
peritoneal cavity of the white mouse.  In a previous paper (3) it was 
shown that polymorphonuclear  elements do not mobilize in significant 
numbers  short  of  2  hours  after  the  injection  of  foreign material. 
Similarly it was demonstrated that if Unchecked during this period the 
number of bacteria increases by a multiple of four.  Thus the mono- 
cyte is the cell which must bear the larger part of the defensive burden 
during this initial period.  Hence the number of these cells available 
is exceedingly important and indeed conditions the entire subsequent 
course of the infection. 
In so far as can be determined now the relationships of the initial 
variables concerned in the  mouse protection test as carried out in these 
experiments may be illustrated in Text-fig. 5.  The extrinsic factors 
are the physiological variables:  body weight and number of cells in 
the peritoneal cavity.  These are resolved into the number of mono- 
cytes, which in turn is related to each of the three extrinsic components 
of the system; viz.,  the  amount of immune serum,  the number of" 
pneumococci, and  the  amount of  capsular polysaccharide.  By far 
the most dominant relationship is between the number of monocytes 
and the number of pneumococci but the activity of the cells may be 
greatly affected by excessive amounts of serum and by the amount of 
free capsular polysaccharide.  The immune serum serves three useful 
functions: the agglutination of the pneumococci; the sensitization of 
these organisms to the digestive action of the cellular enzymes; and 
neutralization of the  free capsular polysaccharide which is  injected 
with the pneumococci.  There is no intent in this schematic represen- 
tation to weigh all of the factors involved in the infectious process but 
merely to present those which appear dominant in the earliest and most 
critical period. 
SUMMARY 
The  power  of  specific  antipneumococcus serum  to  protect  mice 
against infection with Type I  Pneumococcus has been  studied  with 
reference to the capacity of the animal to utilize the specific antibodies. 
With a  single strain of mice it was found that  smaller animals and 
those with large numbers of white calls in the peritoneal cavity are 
much better able to utilize the passively conferred immune  principles. KENNETH  GOODNER  AND D. K. MILLER  407 
These two intrinsic factors were resolved into a single element;namely, 
the  number of monocytes in  the peritoneal  cavity at  the  time  of 
injection of culture and serum.  The interrelation of the extrinsic and 
intrinsic factors participating in the process of protection have been 
discussed. 
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